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)l'S.~^J^7i(.mm. TajOs. BST, SrTi 
O3. PbTiOs. PZT. PLZT. Y2O3. CeO 
2, NbzOj, Ti02. Zr02. HfOz. SiOs. 
S i Nfccty s i3N4*^/^^r|.SfJ; ^Mmtll 1 ttz 

J;i/»mi§«j&^^>^I.SIJ; OS»?$ixl. 1 L<(i 
V ^mm^mti^ H - y U ;/ 

[il«3S43 l5IE^JR)l{i:Al. Ni. Co. Cu. 
Mo. Rh. Pd, Sn. Au. Pt. Rut>J;t^I r 

i. TiN, TiAlN. TaN. TiSiN.WN, 
WBN. Cos ifcJ:im*^<i>55r2.ffifJ:OMiR$ixTfi£ 
0. liiiE^SttK'ltlfiRuOz. Rh02t3j;t/I rO 

[fi^^s 5 ] B?fEii 1 «ffi±{=Bufam 1 mm<ommt: 

[fi^fl? ] mtmmmnu^mmmmizx 
t^im^zimco^mm^. 

xbJ'<->>yi^':^xtimd:mti>1jmThi:it 

Cfi*ii9] 'y')^ymmxmj^ivtz^^)-^^y9 
oTSPmffi t . mz'^^mm.B.zmM ^mdmk t x 

mifii' ^jtiym'isx'm^^titiTm^mx *)mm. 

li 2 w± J: 0 i)\ t fz\t V y 3 yn.'mx o 



ay^^tifimm^^iifzzmkX'hh^b^mit'r 

immt^^xmmmmmmmizth^^ 
1 oiztm(7)^m^, 

I mtm 1 2 ] Buffiss-fL^ti V y 3 y^^i^ii. y 

[ mr^ 13], Bufe^mii{4!Si^fl^«aic j; o 
f^^tifzmx'$)izt mwit-tmsm9^i 2ff)\,^ 
-rtii}> 1 miztmco^mm'F. 
imsm 1 4 3 mm^^mmmmni-^ yA-tcsis 

2:mt-ri.il*Jai 3tCiEi5c0^l^f^s^?. 

tis^i5] i^v^ymtb.mi'yv^ymLt 
izRmimxmixm^^iitii^-hmmmt. m 

ii'y- hmmm±.iznm^titzmMii^u^ymmx ott 

umm 1 6 ] friEy- hmsts^iiii. mm^^m 

<{42tiLhJ:0fi!cl>*\ i;^c(4i-yay|^MJ:0tt» 
RIIS*^:*:^ ^mwrntT-mnifiV-^yf^^tifzyi^'J 

uaymttmm^^tifzzmmxs>i>^ t ^wskt 
1 7 ] itrisi^ y ^ y««Lhti«rie>- y 3 ya 

^r^isttziiie izimco^mwm^. 
umm 1 8 ] mii^^mni^'J^ym^m. i^v 
3 ym.mxiiztit:><r>m^m'htz t ^mti-h 

m^m 1 7 t^rlEiSco^^frlli^. 

[ n-m 2 0 ] MiES^ i^«a(4f-^ y^ n- tsjc 
i-'y /xf X t ?r)i»:tt*&-ri.:^r&t:'i)l> ^ t 
^mirt^iSiR^i 9i,zim<7)^m'F. 
[ms^2 1 ] ^«s»fithti^y nym^^-diBg 

mj\^m<iK.mLxm'mm.mm-^mb. mi 
mmwinz. KfiBi^ y 3 yi^%«T«Bg$<i/>:ii 1 m 

ffiJ: ')tt*5^*^:'c#v^^2«ffi^:J^lSt«.SPgt S:^ 

[If iR«2 2 ] BiriEl^mf*:lit4T;i'5 AK-fbita. 
7^1 5 r t;? A?m-{m . T a i Ot, . B S T , S r T i O 
3, PbTiOa. PZT. PLZT, Y2O3, Ce 
O2, NhjOj, TiOj, Zr02, HfOa, Si 

02, s iuaxx/s i3^,^-(p^j:imi:'omtR^rLi 
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im^m24] ma^MISJiA K N i . C o . c 

Mo, Rh, Pd, Sn. Au, Pt. Rufcil/f 

tiTi, TiN. TiAlN. TaN, TiSiN, W 

N. wBN. coSiiiXx/m^h^j:&mx'omiR^ti 
m^2 3izsmff)^mi'<^mm:^m. 

V ^-rii*' 1 mzmmmmii^m'!'<7mmim. 

mim2 5izimco^mwm'fmm:f3m. 
mm2 7 ] mmmM^mm'i'mmmizx m 
&ti^tmmt-tm^m2ii}>{^26<r)\^-ftiip' 

^mL}i-tmim2ii,zimmmwm'i-mMij 
>mt:ti::t^mkbi-hm^2 i~28«v^-f^i 

fig§ii/c^A'A-i/^'<0T«l5«Si^m-ri.SP§i:. Bute 

Tssmtt. m^md:mi^Lxmmwmm^-t 
m^b. wismmwm±.iz. ^^v^ymmx-m^^ 

(42m±T'i5l)*\ t^Jiv U 3 ymtm *)itmm. 

mm 3 0 ^zsmco^wmi-mmm. 
imm32] miTmmmm-i>m§^. ms. 

Tmmm±icmmTm'mmmi:m7m^t^^xmmm 
mmm^im^izt&^Mimimmh zti:m 



mm, 

::iymmxiizti(><7)m^mx'$)hztimLt-rh 
mms 2 izimmmm^cowi.m, 
imm 3 4 ] mtimmmm^mmmmtzx m 
&tizt mmtt^mms 0-3 3«ov^-f<i*>i 

axtn- i^y^iHx t i:WC<!mti^th-^mX'hh^ t 

m. 

{mm. 3 6 ] mmmmmm^-fhmm. m. 
i)- 1 mz%im(^^mwm=F<r)^-nm. 
LXY-hmmmm-^mt. mi^-vrnm 

<{i2W±T'*)l.*\ ifcti^/'J ny^ftMJ; Ott»53 

^ V ^imm b T-mtti"^ h - 1° yy § n>t ^ u i^u 

I. 3 7 tiaKc7)iii^f*:Si^coS5S:^ra . 
[ii5Rii3 9 ] friay- s*gSiii^m-ri.Hut. fi 

mmizth^^itmmm-^zb trmmb-t^m 

s.m3 7t tzit 3 8 izim<^^m'F-(ommifm. 

tnii?«4 1 ] mmy-hmtmimmMMmizx 
*)m^thzbmmbtmsm3 7'-4ocr,\>^i^ 

imm4 2 ] mmy- hmtmmm-imim. 
^mmi-tizb^mmt^mm3 7^4 im^ 
•fix** 1 mi,zim<7)^mim^<7)mkijm, 

[000 1] 

mmumz^ 'o. x^mb<ii'>va ymm^T^n, 
mb Lxmm-tm. ismmm immm^^mm 

[0002] 

mtcomz mm imi^mfS. ^ ti i mm ^ •ir^ t-v ^ i> . w 
tii. T^mm(r>imimti^ >j^ym.±izmmii^ 
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C 0 0 0 3 ] t i mimWk):. Tgli«lit ^Itl 

[0004] ix^}-^^9^Mzii\^x\m%!m 

^^^■^yi^mm ( T a2 O5 ) S Tflg ( B a S r 

T i 03 ) mmwmt ixmrnthumm^^ioixx 

U*^L, 9yi?)\^mmiTa,0^)'^BSTm 

( B a s r T i 03 ) t \^'>fzmmmmin'^th^ 

ay^:mmtLxmmL. ^^y^^m^mmmmt 
vxmmt^t. :i«ji^o^y'mtm'^wmb(^^m 

FaWfcO. :t^^j >-*jayi:WMtixmmi. bst 

10 0 0 5] ^*c7)i,«0tcik^T ct O^iXJt^ 

[0006] 

[ 0 0 0 7 ] X, *^B3«0flil«0BW«iifS^B'Jia^^* 
[00081 

mim^t, Btiiami«®-ht"R^t3^!)S^)«»^**&t-'^'^ 
[0009] B?iai^*li{47;L-5 Aig-fWft, rn- 



Ta^Os, BST. SrTiOs. 
PbTiOs, PZT. PLZT, Y2O3. Ce02, N 
b^Oj, Ti02, ZrOa, Hf O^, SiO^. SiN 
iiXX/S i 3N4*^'^'5rl.SfJ: OSiRSii-l' 1 i/d42Ul 

[00101 iuiai|21tSi{MJi^. Slt^^SKfc<fc 

x/mnmmt>^^j:mx mm^tih 1 1 1<{42 

[ 0 0 1 1 ] mie^SMttA K Ni. Co. Cu, M 

0. Rh. Pd. Sn, Au. Pt. RuiSit^I rA» 

1. TiN.TiAlN.TaN.TiSiN. WN, 
WBN. CoSifcJ;t>'W*»'^^'5.SPJ:0S«'l$*i.TBR 

[0012] Buie^ 1 miLhtifiiam i mso^ffiSrH 
mit^^xmmmi^m>m^im,iz-ri^mm 
im^^tix^j:&:ittmit\\ 

[0013] mfa^s^kiativ- y 3 ymm. 'J 3 > 

[0014] mmmmim^mmmizx mm^ 
tit:mx'h^^tmtL\'\ 
[0015] miim'fmmmmii^^y^<-^zmi0:^ 
tJ^-i^y-/0x t md:mmhmx'i) s 

[0016] i^c^^Bfltt. mwmmnzi^'J^y^ 

$m t itts^i^9k'^<^^^'^^X'h I. . 
[0017] mtimmariv^-'^J^'mm. 

S:~^AA!.mim. TaaOs, BST, SrTiOs, 
PbTiOa, PZT, PLZT, Y2O3, CeOj. N 
baOj, TiOj, ZrOa, HfOj, SiOj, SiN 
aXV^S i 3N,*>^.'5rl.PJ: DSS^Siil. 1 *fd±2UA 

[0018] m?M29Mi'i^9,M. ^Si^,^m*3J: 

[ 0 0 1 9 ] BUia^iSMfiA K Ni, Co, Cu, M 

0, Rh, Pd, Si-j, Au, PI, RuoiU-l r-J)'- 

1, TiN,TiAlN,TaN,TiSiN,WN, 

WBN, CoSifcJ;lXwA>^>=5rl.ffJ:0^^R$i^Tfi^ 
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0, mimmm&miRnOi. RhOjioilXl rO 

[0020] Huiem 1 ^^:m^tmmk. muw, i 

[002 1] mim^miii^v ^ ymm. ^ u ^ y 
[0022] mmnmwmim'f-Mm^mizx 'omm- 
[0023] mm^mmmmiii-^>j<-izRm/f:^ 

[0024] mmumm^iBm. mmm 

[ 0 0 2 5 ] ^rfc, mmt:^^^-<i^^^zmm-tit 

v^y-hmmiz^*)m. 

[00 26] 

mco^^mm'Fit . i^v^ y^kmnx-m^^titzm i s 
mt . mim i mm±.izRmmmmik txm^^ti 

3 ymnx-m^wzm i mmx ^ii9mm<±^\>^ 

httK ^^j^i^i'i.zmm^tiht^ii. ^-v^NV^-co 
Tmmifimi^inmznmL. 
mm\iim2mM[znmfh . ttz. hyy^jx^^izm 

hmimti^mmmmz. y-h«ffi«e^2«fii 

IZ-itL-^tLMm-fl, 

[ 0 0 2 7 ] 0 1 ii:^mco^m'^m 1 (omtm 

[00 28] mnzt3\,^xit^^y'<i^:^mm^t^^ 
mim'f-^mizmifxmm-thifi. iMvtzx oizhy 

y=Jx i?^j:b'flL<r)^im'f-iztm^m^j:ZblH>ib 

b/^x'hh. m 1 i nmb Lxmm 

i^'j^ymmi:mm-wm.3 1 liz^^m^-^ffyr 
spsffiBBi:. mrnmsib. ^2%mtLx^\n 

[0029] TgPmSiS 3\iE:<!>&tmM^m'^-t\'^i^ 

u mmm'^^^^ymm^mnfiY-'^y 
[0030] mmwm: 3 ? {iTSumi: 3 3 {cs:i£!t?!i^ 



%wmmmht%\,z{i. tma [a i (c 

H3) 3] . Al (CH3) C 1 , AlC l3^ri:W;P5 
-'^J^ifit^^flfz^miii-^ yA'-ttt*^ UT^vS 
tt;<fXtVN°-£/'Ucf^. HjO. NjO. NO2. Os^t' 

^ffvimmrfmimx'th. wi=f-wmMmtLx 

{ilS^-lXf^'^i/- (At om i c Layer E 
P i t a X y ) . -y--^ ^ -y ( c y c 1 i 

c CVD) , T-r^-'rJ'^Hb^Mtfffi (d i g i ta 1 
CVD) . AlCVD^ri:'#a^«fttS$:<^T^ 

!>. tfz. m=?-mmmi^^y^^-^zK^:^'xtf-^- 
i;y■/i}xtt:lm.m^th1im^:m^hztt^mt l 

TajOs. BST (BaSrTi O3) . SrTi 
O3. PbTiOa, PZT ( P b Z r,T i j., O3 ) , 
PLZT (LaTH-try^'^nJtPZT) . Y2O3, 
CeOj. NbzOs, TiOz. ZrOj, HfOz, Si 
O2. SiNfcJ;i;^Si3N4*>f>^|,Pj;0StK$iXl. 

1 4/>:{42JiU:*>4>1i€$ixl.C: 

[0031 ] ±a5m«i 3 9 {4i^ U 3 y^*Sj©Tffi«:^*l 

h^xmx mmtih 1 i L<(42iiUiJ: 

\\ Mmnzii. ±m^t ixiiA 1 . N i . c o. c 

Mo. Rh. Pd, Sn. Au, Pt. Ru. Ir 

<r>^mm. ^m^±mmb ixiir i . t i n, t i a 

IN. TaN. TiSiN. WN. WBN. CoSiX 

iiW(r)^mm. mmmt^mttxuRuo^. RhOz 

Xit. A 1 ^j:t'(Dmti^mm. T i N^i:'cOeil*K* 

{4 R u o 2 ^ t'mmm^im t T^^imi^^ k - 1- y :/ 

[0032] z<7)x a t:±a{mfii3 9<0tt»raiS:S:. T 

^mm3 3x^±^<tiztizx^. ^mtixoiz 

[0033]$ ^iz. :^m<r>^mm^ii^^^'<'^i' 
c7)Tgcmffi3 3±tc. T^mmmmmyii^^'^xm 
immi^m 3 1 mmi-m^.z-th^wm 3 5 
-thzt mt mm. ma^^m 3 5 im^f 

Mm^mt:m\'^xmn.m.im^tmmz}5\,^x. t 

miT^m^3 3cr>mm^m^mt^^^m^itm. m 
[ 0 0 3 4 ] 0 2 ii:^wM(o^^m'i-(o» 2 <r>mm 
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[ 0 0 3 6 3 BB^, if-^m^2<^mmm.<r>^w* 

i^til^ 1 £7)^J^®i: JtlS-f & t . ■> 'J 3 >««6 1 
Ta5«13 3K«Kt. y- b«ffi6 7*«±a5«®3 9 

[ 0 0 3 7 ] y- h«^IS6 5{mi£tiS:)i»:«*&tl. 

jOg. BST. SrTiOs, PbTiOs. PZT. P 
LZT, Y2O3. Ce02, NbzOs, TiOj. ZrO 
2. Hf02. SiOj. SiNi3j;VSi3N4*^'i=S:S 

[ 0 0 3 8 ] HiiiEy- 6 7 {i-> 'J 3 y^tt^-Cli 
-CtilBic^m. . fliay- b««S6 7 1 c?)^ifeJ^®l- 

Wx.ti\ AK Ni. Co, Cu. Mo. Rh, Pd, 
Sn, Au, Pt, Ru, I r^WM. Ti . Ti 
N. TiAlN. TaN, Ti SiN, WN, WBN, 
Cos i iL<liWc7)ftiL*^MM. RUO2, Rh02 

[0 0 3 9] >I«J;-3lcy-MSg6 7*<v-U3yS« 
3 yS^6 1 A»^>y- b€ffi6 7^Mixl>€8iSSri!''^ 

[0040] 3 yS«6 1 ± 

-(tlie 3 , mf^B^i^Ji^ U 3 yK«, v- 'J 3. yS-fbM 



[0041) OTTIiiiBJiOiEti, df^A-v^'ffijiSr 

[ 0 0 4 2 ] 13alAll4^4#^^^^<7)dr^^^•i^^'a^^ 
aicO^A'AV^'RES^^ (bar r i e r heig 

h t ) t ^ffiUlS^ 1 2: W^mz."^^ Ufc0ffit-S) !> 0 
[0043] ll3(4ti!*c^^A'>'NV:J'KM 

04 {im <Odf ^' opt Ma $ay¥ffi[s]S§2r5i^ t 

vMmmxhh-mm ^ - fy^-^n^c^'j v u 3 

fy/^^jtTK'J 'J 3 yJit'ffl^SixfcZSKtliBK 

[0044] 03 W04 ±gE€l6i:iE:fri*]^o>'>M 
|^aa2:jl)itl.^w«6<7)miffitS)iS^4 1 

2.. 

[ 0 0 4 5 ] t ^ ^tMl4 

ihtl.m3ffifitlS^45fcU-C#ffltt, «^*>Tgl5« 

[ 0 0 4 6 ] ISUmt-ftAM rxmE*^6PJP$ 

tdS', mSSpflib] , b2(C<J;/il^4ftffi)S.^'-4 7 a, 4 

<=5rl.. |140*^BM^''^'>'^^^W^S®$ 
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$ h ^zm^^<r)x\ *^BBo^ 4 m,m 47b *5t^*co 

^AWm/ft^ 7 a J: O:^^ <=SrS, 
[ 0 0 4 7 ] II 5 s I s ^ A- A' v^J^ai/^a^Bfl 

hmixm,^^^ 1 e - 7 a/c muiM 

E - 7 A/c m2 V2rS;c l.«E*>'*r>0 . 
(00491 COJ: a ^3Sa{404ai^06twS^tTgl5 

a xtt 1 2 5'CT(m^%mm^^7nL. Jm i n{i2 

*C0S I S^■v>'^•>':?til . 4 2 e VSr^L. 2|s:^BJc7) 
MI S=3f-v^NV:J'{i2. 35eVS-^-r. 
[0 0 5 0] C:oJ:9tCfl!*OS I S^•v>'^V^i:*% 
BMiDM I S^-vA-v^i:(^(il^Mffi$^*^"0. 93 eV 

^*L, mmmm^mmAizmmucmmm^mh 

2-afc-gci-l.. *^HJ<7)M I S.df-^y 

^/^i^^im^(7)S I SJ; Oi^«jiii«giE^ST-*tjO. 

9vgs$i?>tiii<i>ixi,{o-c, simii^off^^iBft 

[005 1] mi Rt/m8l,i^'^:^^mcr>m I S^-^y\° 
[0052] mE 1 . 2 VCOt^CDmtim 

mmm^ lE-it^^o ~m^j:mmi:7^^fzibiz 

28AT'$>0> ta!3R<7)S I S^A'^N'£/^c7)ii-^(i4 1 A 

■C&l.iO{4. fiaL:'t!J:ot*^BB<7)MI S=^f-\'M'i<':? 
*«*«jO. 9Vc7)Jill,^[-7-$/y$:#oA>4>T'3bl.. 
[0 0 5 3] [19{i:llltS^L7t^^>'N°x:5'OlMf*)l 

7f« 0 - n 1 1 'yimj-mmMmizx ^o^m^ix^^zmm 
i\!i^<^xps\L'-9mi7^Uzmmx'hh, 

[0054] :^^mimX'ii. ^^BMffi^^'J-ii^i^m. 

ftM(47.f y7°;^ AV- i^l^ttlCftil/L'I^^l^^aT- 



(SJgi^Sx If ^' i^. l?->f 'J -y :?^t^«ffi, T >f 
^;Wt^^«, AlCVDSr^t?. 
[00 5 53 iOPftOiBfl-fiitf. 09<7)J:9fci|i^ 
f*JS«[. 0IJ;ttfi/U3>'««LhtCTMA [Al (C 
H3) 3] > Al (CH3) C 1 . A 1 C l3^t'<7)T;l^S 

tt;ef>(.tVN--£/Ucf*. H2O. N2O. NO2. 03^:i: 

(nm^x^m^LXT-m'&^xx'f^-'jy'/th^>{ 

9 )VimmKmh:ih\,zi:y)7)v^-^Mmin 

t. mcA'^<^w,2Kmiim:^i<zmth^t\.zx^ 

[0056] :^WmmX'\tTlV^~'^M.ti^t:^^tlfz 
Kmi-TUK^mWiL. mtt'XiY{iO:^'XbLX 
mLX%hilfz7)V^=~^JMi\Mmi OICS^-TJ: 

ouzmm.mzmhi^-wfim.^h-yt:. mi o 

X\ m'^mi^mW^ X -yNC7)4"Dc7) 1 X 

-A+iC^SrSJitcl . 75>fy^(4. 45cm) C7)^ 

@&*'ri.R-c9osraiic4ji[. ^<*'>x-a*jd 

RT' 9 0 JgraHtC 4 ^colt 9 ^T'fc I. . 

[00 57] t/i, r)v^=^^M.mtmxm.^% 

m (XPS) SrSllSLJthi^. HI ItiXUmi 2I,Z 

^•tiioizA 1 -ozit^o-oe-^'<o;^i5^$it. 

fc, 01 i:Rt^lll 2X\ Xtt{ife-^x:t^;l'^-f*S> 

[00583 m\^x . ^wR\<zm^^f-^i^^<m&}j 
mi:m\<zt->xmmfi>i:^. vyyvx^^<r>m<r>^ 

[00593 01 3{4Tgi5m^3 3&y$^-(Ui3 5 Sr 
[ 0 0 6 d ] if . muii^')ziym.l. 

\.zay99vt^-)v^^^hmwmm3 2mm 
I., ^ffi^k. m%m^ymm3 2mwL^ixtz^im 
m \±.i.zmioy-^'?vt^-fl^vMtxmmmw& 

rj ylic7)i 3 ^Ti^ U 3 y^vanmx'm&thcox'm^j: 
sd^ymmx-m^T^t. 

[ 0 0 6 1 ] »:(c. miTmmm±i:zmmwmimmz 
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1 ~4 0 km^z-mmti ztmt ma^^ 

■(1:^3 5{iRTP (Rap i d Thermal pr 

o c e s s ) , 7-- u y^xm-iiryx-7xmt' 
i^T 9 0 0-c. s^mmtiztizxmm^h^:^ 

ycE^iT^yx (NH3) ^fflV%-C6 0#mSRTPX{i 

4 5 0 °cx' 3 v y jaa Lf^ : 

[00 6 2] 11 5^fflV^-CK£^lJi3 5c?)tft 

[0063] $^^kM3 5(4f^eT'J>l.l^*M?^BK 

\.^xmnMimi:m^i-hm. mm(^Tmm3 3±x' 

1 5 c7) b tc* L/^ i 0 tS^^kM 3 5 L=3rftn 



1 0 0 6 4 ] 0 1 4{iiMf*:i^3 7 mmmm^^ 
[00651 mieTSsmffiB suzriv^:^^ 

xigjiw^ . mmmo . 5~ i o o Ags<^if $<^t 

S^^mLT^l 0~3 0 0AgJS<7)J¥$^T;U5-'> 

rx^:? ^it3!)^9 : l(7)ffi^t^7)^^{i:;^>T•yrXf>'^" 
[0066] iS«*!i3 7 :i^^tt<^l^ 

mmm^fz^^zmmm^i-^^^^^1^^^^^' ^ 
mmt txii. mi-myy^'^^ m.m7~-)w m 

V^*^. 0«;t{f. 9 0 0-C<7)mt'(O31^PaWa*W 
[0067] 

[^11 













28 


0.7(28.6) 
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